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ABSTRACT 

PURPOSE: To eliminate pressure fluctuation which is generated when root 
blower and gas laser medium flow in a gas circulating system and reduce the 
fluctuation of laser beam power by generating the same amplitude and 
reverse phase pressure fluctuation by oscillating an oscillator. 
CONSTITUTION: Gas laser medium is compressed by root blower 3 to be pushed 
into a cooler 4, and pressure fluctuation is generated. An oscillator 17 
inputs an amplifying signal S4, and generates the pressure fluctuation of 
the same amplitude and reverse phase compared with the pressure fluctuation 
detected by a first pressure sensor 12. A second pressure sensor 18 
arranged on the downstream side of the oscillator 17 detects the pressure 
fluctuation in a gas laser medium tube and inputs a second detecting signal 
S5 to an adjuster 15. The amplifying signal S4 corresponding to the first 
detecting signal SI and the second detecting signal S5 detected by the 
first pressure sensor 12 and the second pressure sensor 18 is inputted to 
the oscillator 17 and the oscillator 17 is oscillated. Thus, the gas laser 
medium which allows no pressure fluctuation is carried to a laser resonator 
1. 
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(54) [Title of the Invention] GAS CIRCULATING LASER APPARATUS 
(57) [Abstract] 

[Purpose] 

The present invention provides a gas circulating laser apparatus wherein the 
fluctuation of a gas laser medium is reduced. 
[Structure] 

A gas circulating laser apparatus of the present invention is characterized by 
having: a laser resonator 1; a first pressure sensor 12 detecting the pressure fluctuation of 
a gas laser medium to output a first detection signal SI in a gas circulating laser apparatus 
including a gas circulating system 11; a feedback-controlling unit 13; a waveform 
generator 14 producing a waveform signal S3; an oscillator 17 inputting the waveform 
signal S3 to induce the pressure fluctuation in the gas laser medium; a second pressure 
sensor 18 detecting the pressure fluctuation of a gas laser medium to output a second 
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detection signal S5; and a regulator 15 regulating the second detection signal S5 to output 
a regulating signal S6 into the feedback-controlling unit 13. 
[Scope of Claim] 

[Claim 1] 

A gas circulating laser apparatus having: 

a laser resonator conducting discharge excitation to extract laser beam from 
said gas laser medium by laser resonatance; 

a first pressure sensor detecting pressure fluctuation of said gas laser medium 
to output a first detection signal in a gas circulating laser apparatus which includes a gas 
circulating system making said gas laser medium to circulate inside a laser resonator; 

a feedback-controlling unit reversing the phase of said first detection signal to 
output a first inversion signal; 

a waveform generator inputting said first inversion signal to produce a 
waveform signal; 

an oscillator inputting said waveform signal to induce pressure fluctuation in 
a gas laser medium by placing closer to a down stream side than said first pressure sensor; 

a second pressure sensor detecting the pressure fluctuation of said gas laser 
medium to output a second detection signal by placing closer to the down stream side 
than said oscillator; and 

a regulator regulating said second detection signal to input a regulating signal 
into said feedback-controlling unit. 
[Detailed Description of the Invention] 
[Industrial Field of the Invention] 

[0001] 

The present invention relates to a gas circulating laser apparatus reducing the 
pressure fluctuation of a gas laser medium for improving the machining performance of a 
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laser beam machine. 

[0002] 
[Prior Art] 

(Description of Figs. 1 and 2) Fig .1 is a drawing showing a structure of a 
CO2 laser apparatus of high-speed axial-flow type, which is an existing gas circulating 
laser apparatus. In the figure above, 1 denotes a laser resonator activating a gas laser 
medium by discharge excitation from a high-voltage power supply 2 to output laser beam 
19 by laser resonatance. 3 denotes roots blower sending the gas laser medium to the 
laser resonator 1 through a syngas cooler 4 and a gas-supplying duct 6 provided on a 
discharging side. Then, it returns the gas laser medium from the laser resonator to the 
root blower through gas-discharging duct 7 and a syngas cooler 5 provided on an 
aspiration side of the roots blower. 11 denotes a gas circulating system consisting of the 
roots blower 3, the syngas cooler 4, the gas-supplying duct 6, the gas discharging duct and 
the syngas cooler 5. Discharge voltage fluctuates by the pressure fluctuation that is 
caused by the rotating of the roots blower 3 and the pressure fluctuation that is generated 
when the gas laser medium flows through the gas circulating system 11 (hereafter referred 
to pressure fluctuation). As a result, the electric power of excitation is changed to induce 
the fluctuation in outputting the laser 19. If the fluctuation arises in outputting the laser 
beam 19, the problem that a cut surface becomes rough in laser processing. 

[0004] 

Accordingly, in existing technique, like disclosed by Japanese published 
examined application Hei 2-285686, a method using Helmholtz resonance phenomenon, 
which provides a side hole 8 on the gas-supplying duct of the discharging side of the roots 
blower 3 and connects a resonance container 10 by using a connecting duct 9 as a means 
for improving pressure fluctuation. 

[0006] 
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Figs. 2 (A) and (B) are charts showing an example of the time passage t of 
gas laser medium's pressure P (Torr) in the gas-supplying duct 6 shown in Fig. 1. Fig. 2 
(A) is the case not using Helmholtz resonance phenomenon, on the other hand, Fig. 2 (B) 
is the case using Helmholtz resonance phenomenon. In Figs. 2 (A) and (B), an average 
pressure Pa is 60 (Torr), and the cycle is 240 (Hz). When a Helmholtz resonance 
phenomenon is used, the pressure fluctuation is improved remarkably compared with Fig. 
2(A). 

[0010] 

[Problems to be Solved by the Invention] 

Gas fluctuation arises when a gas laser medium flows through the gas 
circulation system 11 is not stable in frequency nor amplitude. However, since the 
means for eliminating the pressure fluctuation using resonance phenomenon is effective 
only in resonance frequency and the frequency of its integral multiple, there was a 
problem that the pressure fluctuation which is to be a cause to fluctuate the output of laser 
beam 19 cannot sufficiently be reduced as shown in Fig. 2 (B). 

[0012] 

The object of the invention is eliminating pressure fluctuation, reducing 
output fluctuation of the laser beam 19, and improving the quality of laser machining. 
[0020] 

[Means for Solving the Problems] 

The invention is, as shown in Fig. 3, a laser resonator conducting discharge 
excitation to extract laser beam 19 from the gas laser medium by laser resonatance, a first 
pressure sensor 12 detecting pressure fluctuation of the gas laser medium to output a first 
detection signal SI in a gas circulating laser apparatus which includes a gas circulating 
system 11 making the gas laser medium to circulate inside the laser resonator 1; a 
feedback-controlling unit 13 reversing the phase of the first detection signal SI to output a 
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first inversion signal S2; a waveform generator 14 inputting the first inversion signal S2 
to produce a waveform signal S3; an oscillator 17 inputting the waveform signal S3 to 
induce pressure fluctuation in a gas laser medium by placing closer to a down stream side 
than the first pressure sensor 12, a second pressure sensor 18 detecting the pressure 
fluctuation of the gas laser medium to output a second detection signal S5 by placing 
closer to the down stream side than the oscillator 17; and a regulator 15 regulating the 
second detection signal S5 to input a regulating signal S6 into said feedback-controlling 
unit 13. 

[0030] 

[Embodiment] 

(Description of Figs. 3 to 6) Fig. 3 is a drawing showing an embodiment 
of a structure of a gas circulating laser apparatus in the present invention. In Fig. 3, the 
description for the symbols that has the same symbols as Fig.l is omitted, since the 
description of the symbols is the same as that of Fig. 1, so the differences are described. 
In Fig. 3, 12 denotes a first pressure 12 being provided in a gas-supplying duct 6 to out 
put a first detecting signal SI by detecting a pressure fluctuation in a gas laser medium. 

13 denotes a feedback-controlling unit reversing the phase of a first detection signal SI to 
input a first inversion signal S2 into a waveform generator 14. The waveform generator 

14 analyzes the frequency of the first inversion signal S2 by FFT (fast Fourier transform) 
to input a waveform signal S3 into an amp 16. The amp 16 amplifies the waveform 
signal S3 to input an amplification signal S4 into an oscillator 17. 

[0032] 

In Fig. 3, the gas laser medium is compressed by the roots blower 3 to be 
pushed into a syngas cooler 4; accordingly, pressure fluctuation arises. Fig. 4 (A) is a 
chart showing the time passage t of pressure P (Torr), an average pressure Pa and a 
cycle are the same as those of Fig. 2. Fig. 4 (B) is a chart showing the relation 
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between frequency F (Hz) (abscissa axis) when a waveform generator 14 inputs the first 
inversion signal S2 to conduct frequency analysis by FFT (fast Fourier transform) and 
pressure intensity level (DB) (ordinate). Since the oscillator 17 inputs the 
amplification signal S4 and generates antiphase pressure fluctuation with the same 
amplitude as that of the pressure fluctuation detected by the first pressure sensor 12, the 
fluctuation in the gas laser medium is to be eliminated. 
[0034] 

However, since there is the variation in the coupling state of the pressure 
fluctuation generated by the oscillator and its characteristic and the pressure fluctuation 
detected by the first pressure sensor 12, the pressure fluctuation cannot be eliminated 
sufficiently to low level. Then, as shown in Fig. 3, a second pressure sensor 18 is 
arranged on the down-stream side of the oscillator 17. The second pressure sensor 18 
detects the pressure fluctuation in gas laser medium to input a second detection signal S5 
into a regulator 15. The regulator 15 analyze frequency by FFT to input a regulation 
signal S6 into the feedback-controlling unit 13. The feedback-controlling unit 13 
reverses the phase of the regulating signal S6 to output a second inversion signal S7. 
The second inversion signal S7 inputs into the waveform generator 14 joining the first 
inversion signal S2. The waveform generator 14 inputs a waveform signal S3 that 
corresponds to the first inversion signal S2 and the second inversion signal S7 into an amp 
16. The amp 16 inputs the amplification signal S4 into the oscillator 17. 

[0036] 

Fig. 5 (A) is a chart showing the time passage t of the pressure P (Torr) 
detected by the second pressure sensor 18, average pressure Pa and a cycle are the same 
as those of Fig. 2. It shows the pressure fluctuation is not eliminated sufficiently to low 
level as a result of making the oscillator 17 vibrate by the first pressure sensor 12 to 
eliminate the pressure fluctuation in the gas laser medium. Fig. 5 (B) is the chart 
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showing the relation between frequency F (Hz) (abscissa axis) when the regulator 15 
inputs the second detection signal S5 to conduct frequency analysis by FFT and pressure 
intensity level L(DB) (ordinate). By inputting the first detection signal SI detected by 
the first pressure sensor 12 and the second pressure sensor 18, and the amplification signal 
S4 corresponding to the second detection signal S5 into the oscillator 17, and by making 
those vibrate, gas laser medium having no fluctuation is sent to the laser resonator 1 as 
shown in the time passage t of pressure P (Torr) in Fig. 6 (A). In Fig. 6 (A), an average 
pressure Pa and a cycle are the same as those of Fig. 2. Fig. 6 (B) is what conducts FFT 
analysis of this fluctuation, and it is a chart showing the relation between frequency F 
(Hz) (abscissa axis) and pressure intensity level (DB) (ordinate). 
[0040] 

[Effects of the Invention] 

A gas circulating laser apparatus in the present invention by detecting the 
pressure fluctuation which arises from the rotation of the roots blower 3 and the 
fluctuation which arises when a gas laser medium flows through the gas circulating 
system 11 by the first pressure sensor 12 and the second pressure sensor 18 to generate 
antiphase pressure fluctuation with the same amplitude as above pressure fluctuation from 
vibrating the oscillator 17, pressure fluctuation is eliminated before it reaches the laser 
resonator 1. Therefore, a gas circulating laser apparatus in the present invention has the 
effect that reduce the fluctuation of the laser beam 19 outputted from the laser resonator 1 
dramatically to improve the quality of laser machining. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a drawing showing the structure of an existing gas 

circulating laser apparatus. 

[Fig. 2] Figs. 2 are charts showing the time passage t of the pressure of 

gas laser medium P. 
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[Fig. 3] Fig. 3 is a drawing showing the embodiment of structure of a 

gas circulating in the present invention. 

[Fig. 4] Figs. 4 are charts showing the time passage t of pressure P and 

the relation between frequency F and pressure intensity level L. 

[Fig. 5] Figs. 5 are charts showing the time passage t of pressure P and 

the relation between frequency F and pressure intensity level L. 

[Fig. 6] Figs. 6 are charts showing the time passage t of pressure P and 

the relation between frequency F and pressure intensity level L. 

[Description of the Symbols] 



1 


A laser resonator 


2 


A high-voltage power supply 


3 


A roots blower 


4,5 


A syngas cooler 


6 


A gas supplying duct 


1 
/ 


A gas-discharging duct 


8 


A side hole 


9 


A connecting duct 


10 


A resonance container 


11 


A gas circulating system 


12 


A second pressure sensor 


13 


A feedback-controlling unit 


14 


A waveform generator 


15 


A regulator 


16 


An amp 


17 


An oscillator 


18 


A second pressure sensor 
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19 Laser beam 

51 A first detection signal 

52 A first inversion signal 

53 A waveform signal 

54 A amplification signal 

55 A second detection signal 

56 A regulating signal 
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